Development of l-Amino-Acid-Based Hydroxyl Functionalized Biodegradable Amphiphilic Polyesters and Their Drug Delivery Capabilities to Cancer Cells.
Hydroxyl-functionalized amphiphilic polyesters based on l-amino acid bioresources were designed and developed, and their nanoassemblies were explored as intracellular enzyme-biodegradable scaffolds for delivering anticancer drugs and fluorophores to cancer cells. To accomplish this task, acetal-masked multifunctional dicarboxylic ester monomer from l-aspartic acid was tailor-made, and it was subjected to solvent-free melt transesterification polycondensation with commercial diols to produce acetal-functionalized polyesters. Acid-catalyzed postpolymerization deprotection of these acetal-polyesters produced amphiphilic hydroxyl-functionalized polyesters. The amphiphilic polyesters were self-assembled in aqueous medium to produce nanoparticles of size <200 nm. Wide ranges of both water-soluble and water-insoluble anticancer drugs such as doxorubicin (DOX), camptothecin (CPT), and curcumin (CUR) and fluorophores such as Nile red (NR), Rose Bengal (RB), and Congo red (CR) were encapsulated in hydroxyl polyesters nanoparticles. In vitro drug release studies revealed that the aliphatic polyester backbone underwent lysosomal enzymatic-biodegradation to release the loaded cargoes at the intracellular compartments. Lysotracker-assisted live-cell confocal microscopy studies further confirmed the colocalization of the polymer nanoscaffolds in the lysosomes and supported their enzymatic-biodegradation for drug delivery. In vitro cytotoxicity studies showed that the nascent polymers were not toxic, whereas their anticancer drug-loaded nanoparticles exhibited excellent cell killing in cervical cancer (HeLa) cell lines. The drug-loaded (CPT, CUR, and DOX) and the fluorophore-loaded (NR, RB, and CR) polymer nanoparticles were highly luminescent; thus, the encapsulated polymer nanoparticles enabled the multiple color-tunable bioimaging in cancer cells in the entire visible region from blue to deep red. Time-dependent live-cell confocal microscopy studies established that the cellular uptake of drugs and fluorophores was 5 to 10-fold higher while they were delivered from the hydroxyl polyester platform. The hydroxyl polyester nanocarrier design strategy opens up new opportunities in drug delivery to cancer cells from a biodegradable polymer platform based on l-amino acids.